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(57) ABSTRACT 

A nitride semiconductor light emitting device includes a 
Substrate, an n-type nitride semiconductor layer formed on 
the substrate and provided with an electrode region of a 
predetermined area adjacent to a center of one lateral side of 
the top surface of the substrate, an n-type electrode formed 
on the electrode region, an activation layer, a p-type nitride 
semiconductor layer, and a p-type electrode which has a 
bonding pad adjacent to a center of another lateral side 
opposite to the lateral side adjacent to the electrode region 
to have a predetermined space from the n-type electrode and 
a band-shaped extension connected to the bonding pad to 
extend along a lateral side of the top Surface of the p-type 
nitride semiconductor layer in opposite directions from a 
connected portion of the extension with the bonding pad. 

3 Claims, 7 Drawing Sheets 
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NITRIDE SEMCONDUCTOR LIGHT 
EMITTING DEVICE AND METHOD FOR 

MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a nitride semiconductor 

light emitting device, and more particularly to a nitride 
semiconductor light emitting device and a method of manu 
facturing the same, which can provide an improved elec 
trode structure for the nitride semiconductor light emitting 
device to have uniform current diffusion and an increased 
current diffusion efficiency, thereby providing an enhanced 
brightness and driving Voltage characteristics, and which 
can prevent a bonding wire from blocking a light emitting 
region when manufacturing a package, thereby preventing 
reduction in brightness after manufacturing the package. 

2. Description of the Related Art 
Recently, a light emitting device (LED) display board 

developed as a new transmission media for images or 
information has been advanced to a level of displaying a 
moving image, such as various CF images, graphic images, 
Video display, etc., starting from information of simple 
characters or figures in the early days of the LED display 
board. With regard to colors, not limited to an existing 
monochromatic coarse display or at most a limited range of 
colors, such as red or yellow-green LEDs, in the past, as a 
high brightness blue LED using a nitride semiconductor has 
emerged recently, it has become possible to exhibit a full 
color display using colors of red, yellow-green and blue. 
However, since the yellow-green LED has a lower bright 
ness than that of the blue LED or the red LED and emits light 
having a wavelength of 565 nm or so which is not the 
wavelength of green required for the three primary colors, it 
is not possible to display the full range of natural colors. 
These problems are overcome using a high brightness pure 
green nitride semiconductor LED emitting a wavelength of 
525 nm suitable for displaying the full range of natural 
colors. 

In Such a nitride semiconductor light emitting device, 
since there is no commercially available substrate which has 
an identical crystal structure to that of a nitride crystal and 
which is in lattice matching with the nitride crystal, the 
nitride semiconductor material is grown on a Sapphire 
substrate as a dielectric substrate. Since the nitride semi 
conductor light emitting device has the semiconductor mate 
rial grown on the dielectric Substrate. Such as the Sapphire 
substrate, electrodes cannot be formed on the back side of 
the Substrate, necessitating formation of both electrodes on 
a crystal growth side of the semiconductor layer. An elec 
trode structure of a conventional nitride semiconductor light 
emitting device and a cross-sectional structure thereof are 
exemplified in FIGS. 1 to 3. 

FIG. 1a is a plan view of the conventional nitride semi 
conductor light emitting device, in which the conventional 
nitride semiconductor light emitting device 1 has an 
approximately rectangular shape and is formed with an 
n-type electrode 1 in at one edge of the nitride semiconductor 
light emitting device and with a p-type electrode 1p at the 
center of an upper Surface of the nitride semiconductor light 
emitting device. FIG. 1b is a cross-sectional view of the 
nitride semiconductor light emitting device taken along line 
1–1 of FIG. 1a. As shown in FIG. 1b, the conventional 
nitride semiconductor light emitting device comprises: a 
Sapphire Substrate 11 of an approximately rectangular shape; 
a buffer layer 12 for preventing lattice mismatching in order 
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2 
to grow a nitride semiconductor material on the Sapphire 
substrate 11; an n-type nitride semiconductor layer 13 
formed on the buffer layer 12; an n-type electrode 17n 
formed on the n-type nitride semiconductor layer 13; an 
activation layer 14 formed on the n-type nitride semicon 
ductor layer 13 such that an edge of the n-type nitride 
semiconductor layer 13 can be exposed; a p-type nitride 
semiconductor layer 15 formed on the activation layer 14; a 
transparent electrode layer 16 formed on the p-type nitride 
semiconductor layer 15 for providing an ohmic contact; and 
a p-type electrode 17p formed on the transparent electrode 
layer 16. 

In general, the entire Surface of the light emitting device 
can define a light emitting region (p-n junction), which emits 
light generated in the activation layer. However, in the 
electrode structure of the conventional nitride semiconduc 
tor light emitting device shown in FIG. 1, the p-type and the 
n-type electrodes are narrowly formed, thereby providing a 
low electric current diffusivity, and the p-n junction sub 
stantially contributing to the light emitting is formed around 
regions through which the electric current indicated by 
arrows in the drawings passes, thereby making it difficult to 
provide a high brightness. Additionally, as indicated by the 
arrows in FIG. 1a, the distance of current diffusion varies, 
making it difficult to provide uniform current diffusion, 
thereby reducing the brightness. 

Further, since the conventional nitride semiconductor 
light emitting device shown in FIG. 1 has the p-type 
electrode formed at the center of the upper surface of the 
nitride semiconductor light emitting device, when the pack 
age is formed using a bonding wire, the light emitting region 
is blocked by the bonding wire, as indicated by symbol A of 
FIG. 4, so that there is a problem that the brightness is 
further reduced after the package is manufactured. 

In order to solve the problems of the conventional nitride 
semiconductor light emitting device as described above, an 
enhanced nitride semiconductor light emitting device as 
shown in FIGS. 2a, 2b and 3 is developed. The nitride 
semiconductor light emitting device shown in FIGS. 2a and 
2b is formed with an n-type electrode 2n or 27n of a band 
shape around the periphery of an upper Surface of the n-type 
nitride semiconductor layer 23 and with a p-type electrode 
2p or 27p at the center of the p-type nitride semiconductor 
layer 25 (or the center of the transparent electrode layer 26). 
As indicated by the arrows in FIG. 2a, since the diffusion of 
the electric current from the p-type electrode 2p or 27p to the 
n-type electrode 2n or 27n generally occurs over the entire 
light emitting region (p-n junction) in a constant distance, 
there is provided an advantageous effect that the diffusion of 
the electric current can be uniformly carried out, thereby 
enhancing the brightness. 

However, there still exists the problem that since the 
p-type electrode 2p and 27p is disposed at the center of the 
light emitting region, the bonding wire blocks the light 
emitting region when manufacturing the package as shown 
in FIG. 4, thereby reducing the brightness. Additionally, the 
method of manufacturing the nitride semiconductor light 
emitting device shown in FIGS. 2a and 2b should be 
accompanied by an etching process for exposing some 
portions of the periphery of the n-type semiconductor layer 
23 in order to form the n-type electrode 2n or 27n thereon, 
and be formed with an n-type electrode having a narrow 
band shape on the exposed region around the periphery of 
the n-type semiconductor layer 23, thereby resulting in a 
complicated manufacturing process. Further, the compli 
cated and difficult process as described above increases 
manufacturing costs for the nitride semiconductor light 
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emitting device. Further, there is provided a problem of 
damaging the n-type electrode, during a scribing process for 
dividing a plurality of light emitting device formed on a 
wafer into separate chips. 

Meanwhile, the nitride semiconductor light emitting 
device as shown in FIGS. 3a and 3b has an n-type electrode 
3n or 37n formed on the n-type nitride semiconductor layer 
33 such that like the conventional nitride semiconductor 
light emitting device shown in FIGS. 1a and 1b, some 
portions of an edge of the n-type nitride semiconductor layer 
33 are exposed, and a p-type electrode 3p or 37p formed at 
the edge of the p-type nitride semiconductor layer 25 (or at 
the edge of the transparent electrode layer 36) opposite to the 
edge formed with the n-type electrode. In Such a conven 
tional nitride semiconductor light emitting device, there are 
provided advantageous effects that as indicated by the 
arrows in FIG. 3, the diffusion of the electric current can be 
generally carried out at the light emitting region, and that as 
shown in FIG. 5, the bonding wire does not block the light 
emitting region B after the package is produced. 

However, a longer diagonal line between the edges 
formed with respective electrodes provides a longer distance 
through which the electric current passes, resulting in a 
non-uniform diffusion of the electric current, so that the 
difference between the brightness at the center of the light 
emitting region and that at the Surrounding portions thereof 
increases. Particularly, since two electrodes are formed as 
points, there is provided a problem of reducing total current 
diffusivity. 

Thus, there is a need to provide a nitride semiconductor 
light emitting device and a method of manufacturing the 
same, which is formed with the p-type electrode and the 
n-type electrode Such that uniform light emission can occur 
at the entire light emitting region having the p-n junction, 
thereby realizing high brightness characteristics. 

SUMMARY OF THE INVENTION 

Therefore, the present invention has been made in view of 
the above problems, and it is an object of the present 
invention to provide a nitride semiconductor light emitting 
device, which is formed with an electrode structure for 
providing uniform current diffusion, thereby enhancing 
brightness. 

It is another object of the present invention to provides a 
method of manufacturing the nitride semiconductor light 
emitting device, which is formed with an electrode structure 
for providing uniform current diffusion, thereby enhancing 
brightness. 

In accordance with an aspect of the present invention, the 
above and other objects can be accomplished by the provi 
sion of a nitride semiconductor light emitting device, com 
prising: a Substrate having an approximately rectangular top 
Surface; an n-type nitride semiconductor layer formed on the 
Substrate and provided with an electrode region of a prede 
termined area adjacent to a center of one lateral side of the 
top surface of the Substrate; an n-type electrode formed on 
the electrode region; an activation layer comprising an 
un-doped nitride semiconductor material and formed on the 
n-type nitride semiconductor layer Such that the electrode 
region is exposed; a p-type nitride semiconductor layer 
formed on the activation layer, and a p-type electrode 
formed on the p-type nitride semiconductor layer, the p-type 
electrode having a bonding pad adjacent to a center of 
another lateral side opposite to the lateral side adjacent to the 
electrode region to have a predetermined space from the 
n-type electrode and having a band-shaped extension con 
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4 
nected to the bonding pad to extend along a lateral side of 
the top surface of the p-type nitride semiconductor layer in 
opposite directions from a connected portion of the exten 
sion with the bonding pad. 

Preferably, the extension is formed along the lateral side 
adjacent to the bonding pad. More preferably, the extension 
is formed along the lateral side adjacent to the bonding pad 
and along opposite lateral sides at which the n-type and 
p-type electrodes are not formed. 
The nitride semiconductor light emitting device of the 

present invention may further comprise a buffer layer 
formed on the top surface of the substrate for providing 
lattice matching, and a transparent layer formed on the top 
Surface of the p-type nitride semiconductor layer for pro 
viding an ohmic contact. 

It is another aspect of the present invention to provide a 
method of manufacturing a nitride semiconductor light 
emitting device, comprising the steps of providing a Sub 
strate having an approximately rectangular top Surface; 
forming an n-type nitride semiconductor layer on the Sub 
strate; forming an activation layer comprising an un-doped 
nitride semiconductor material on the n-type nitride semi 
conductor layer, forming a p-type nitride semiconductor 
layer on the activation layer, removing some portions of the 
p-type nitride semiconductor layer and activation layer to 
expose an electrode region of a predetermined area adjacent 
to a center of a lateral side of the top surface of the n-type 
nitride semiconductor layer, forming an n-type electrode on 
the electrode region; and forming a p-type electrode on the 
p-type nitride semiconductor layer, the p-type electrode 
having a bonding pad formed adjacent to a center of a lateral 
side opposite to the lateral side adjacent to the electrode 
region with a predetermined space from the n-type electrode 
and having a band-shaped extension connected to the bond 
ing pad to extend along a lateral side of the top surface of the 
p-type nitride semiconductor layer in opposite directions 
from a connected portion of the extension with the bonding 
pad. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and features of the 
present invention will be more clearly understood from the 
following detailed description taken in conjunction with the 
accompanying drawings, in which: 

FIGS. 1a and 1b are a plan view and a cross sectional 
view of a conventional nitride semiconductor light emitting 
device, respectively; 

FIGS. 2a and 2b are a plan view and a cross sectional 
view of another conventional nitride semiconductor light 
emitting device, respectively; 

FIGS. 3a and 3b are a plan view and a cross sectional 
view of yet another conventional nitride semiconductor light 
emitting device, respectively; 

FIG. 4 is an exemplary view illustrating an example of a 
package using the nitride semiconductor light emitting 
device; 

FIG. 5 is an exemplary view illustrating another example 
of a package using the nitride semiconductor light emitting 
device; 

FIGS. 6a and 6b are plan views of nitride semiconductor 
light emitting devices according to two embodiments of the 
present invention, respectively; 

FIG. 6c is a cross sectional view of the nitride semicon 
ductor light emitting devices according to the embodiments 
of the present invention, taken along lines L-L and L-L 
of FIGS. 6a and 6b, 
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FIGS. 7a to 7d are perspective views illustrating nitride 
semiconductor layers at respective steps according to a 
method of manufacturing a nitride semiconductor light 
emitting device of the present invention; 

FIG. 8a is a graph comparing brightness of the conven 
tional nitride semiconductor light emitting device with that 
of the nitride semiconductor light emitting device of the 
present invention; and 

FIG. 8b is a graph comparing a driving Voltage of the 
conventional nitride semiconductor light emitting device 
with that of the nitride semiconductor light emitting device 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments will now be described in detail 
with reference to the accompanying drawings. 

FIGS. 6a and 6b are plan views of nitride semiconductor 
light emitting devices according to two embodiments of the 
present invention, respectively. FIG. 6c is a cross sectional 
view of the nitride semiconductor light emitting devices 
according to the embodiments of the present invention, 
taken along lines L-L and L-L of FIGS. 6a and 6b. 

Referring to FIGS. 6a and 6c, a nitride semiconductor 
light emitting device 6 according to a first embodiment of 
the present invention comprises: a Substrate 61 having an 
approximately rectangular top Surface; an n-type nitride 
semiconductor layer 63 formed on the substrate 61 and 
provided with an electrode region of a predetermined area 
adjacent to the center of one lateral side of the top surface 
of the substrate; an n-type electrode 67n or 6n formed on the 
n-type nitride semiconductor layer 63; an activation layer 64 
comprising an un-doped nitride semiconductor material and 
formed on the n-type nitride semiconductor layer 63 such 
that the electrode region is exposed; a p-type nitride semi 
conductor layer 65 formed on the activation layer 64; and a 
p-type electrode 67p or 6p formed on the p-type nitride 
semiconductor layer 65. The p-type electrode 67p or 6p 
comprises a bonding pad 6p-1 adjacent to the center of a 
lateral side opposite to the lateral side adjacent to the 
electrode region to have a predetermined space from the 
n-type electrode, and a band-shaped extension 6p-2 con 
nected to the bonding pad to extend along the lateral side of 
the top surface of the p-type nitride semiconductor layer in 
opposite directions from a connected portion with the bond 
ing pad. Here, except for a portion formed with the electrode 
region, the top Surface of the semiconductor light emitting 
device is formed of a p-n junction at a lower portion thereof, 
thus becoming a light emitting region. 

The nitride semiconductor light emitting device 6 of the 
embodiment further comprises a buffer layer 62 formed on 
the top surface of the substrate 61 for providing lattice 
matching, and a transparent layer 66 formed on the top 
surface of the p-type nitride semiconductor layer 65 for 
providing an ohmic contact. 
As for the substrate 61, a sapphire substrate or a SiC 

substrate can be used. This is attributed to the fact that there 
is no commercial Substrate, which has an identical crystal 
structure to that of the nitride semiconductor material grown 
on the Substrate, concurrently providing lattice matching. 
The nitride semiconductor layers formed on the substrate 61 
may generally comprise a nitride, such as GaN. InN, AlN 
(III-IV group) or the like, and a nitride compound mixing 
the above nitrides in a predetermined ratio, and more pref 
erably, GaN semiconductor layers are generally used. The 
nitride semiconductor material has the formula Al, In, Ga. 
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6 
x-)N (where 0sxs 1,0sys 1, 0sx+ys 1). Crystal growth 
of the nitride semiconductor material can be achieved using 
a well-known deposition process, such as MOCVD (Metal 
Organic Chemical vapor Deposition) process or MBE (Mo 
lecular Beam Epitaxy) process. The MOCVD process is a 
process for growing a crystal on the Substrate as an epitaxial 
layer by Supplying an organic compound reaction gas to a 
reaction vessel at a temperature of 700-1200° C. As such, 
when the epitaxial layer is grown on the Substrate or on the 
SiC layer, a lower temperature grown layer, what is called a 
buffer layer 62, should be formed on the substrate to provide 
good crystal growth by removing stress due to the lattice 
mismatching. The buffer layer 62 may comprise GaN. 
The n-type nitride semiconductor layer 63 may comprise 

GaN doped with Si. The activation layer 64 may comprise 
GaN or InGaN having an un-doped quantum well structure. 
The p-type nitride semiconductor layer 65 may comprise 
GaN doped with Mg. 
The p-type nitride semiconductor layer 65 may be formed 

with the transparent layer 66 thereon. For the light emitting 
device for generating a green light, the GaN semiconductor 
material with a large energy band gap of about 3.4 eV is 
generally used. Like the GaN semiconductor material, since 
the nitride-based semiconductor has a large energy band 
gap, there is difficulty in providing the ohmic contact with 
electrodes therein. More specifically, a contact resistance 
around a p-side electrode increases, thereby increasing an 
operating Voltage and heat generation of the device. As for 
a method for providing the ohmic contact, a method of 
forming a transparent layer using a bi-layer of Ni/Au or an 
ITO layer is best known in the art among various methods 
having been suggested. 
The laminated structure of the nitride semiconductor light 

emitting device, which comprises the substrate 61, the buffer 
layer 62, the n-type nitride semiconductor layer 63, the 
activation layer 64, the p-type nitride layer 65 and the 
transparent layer 66, as described above, is also applied to a 
second embodiment of the present invention, which will be 
described hereinafter. 
The present invention is primarily characterized by the 

structure of the p-type electrode 67p and the n-type electrode 
67n for supplying power to the nitride semiconductor 
device. The enhanced structure of the electrodes in the 
present invention provides advantageous effects of enhance 
ments in a current diffusivity in the nitride semiconductor 
device, in brightness characteristics and in driving Voltage 
only by improving a metal patterning process, without 
greatly changing the manufacturing process and materials to 
be used for the nitride semiconductor light emitting device. 
The nitride semiconductor light emitting device according 

to the first embodiment of the present invention is formed 
with the n-type electrode 67n or 6m on the electrode region 
having the predetermined area adjacent to the center of the 
lateral side of the top surface of the n-type nitride semicon 
ductor layer 63; a p-type nitride semiconductor layer 65 
formed on the activation layer 64; and a p-type electrode 67p 
or 6p formed on the p-type nitride semiconductor layer 65. 
The p-type electrode 67p or 6p is formed with the bonding 
pad 6p-1 adjacent to the center of the lateral side opposite to 
the lateral side adjacent to the electrode region to have a 
predetermined space from the n-type electrode, and with the 
band-shaped extension 6p-2 connected to the bonding pad to 
extend along the lateral side of the top surface of the p-type 
nitride semiconductor layer in opposite directions from a 
connected portion with the bonding pad. 
The electrode structure of the present embodiment pro 

vides a flow of the electric current as indicated by the arrows 
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in FIG. 6a. Unlike the conventional light emitting device as 
shown in FIGS. 1 and 2, since the bonding pad 6p-1 is 
formed adjacent to one lateral side in the electrode structure 
of the present embodiment, the electrodes are not formed at 
the center of the light emitting region. Thus, when manu 
facturing the package, the bonding pad does not block the 
light emitting region as shown in FIG. 5, so that the 
brightness is not reduced after manufacturing the package. 

Further, after the n-type electrode 6n is formed adjacent to 
the center of the lateral side and the bonding pad 6p-1 is 
formed adjacent to the center of another lateral side opposite 
to the lateral side formed with the n-type electrode 6n, the 
band-shaped extension 6p-2 is provided along the lateral 
side in opposite directions from the adjacent portion of the 
center of another lateral side as mentioned above. Thus, the 
electric current uniformly flows over the entire light emitting 
region, and the distance passed by the electric current also 
becomes approximately constant. That is, in accordance 
with the present embodiment, the electric current stably 
flows over the entire light emitting region, improving the 
efficiency of current diffusion leading to enhanced bright 
ness. Further, the electric current can flow stably over the 
entire light emitting region, thereby enhancing driving Volt 
age characteristics (that is, lowering the driving Voltage). 
Particularly, since the bonding pad of the p-type electrode 
and the n-type electrode are formed adjacent to each center 
of opposite sides of the light emitting region to have a 
predetermined space from each other, the light emitting 
efficiency may be especially enhanced at the center of the 
light emitting efficiency. 

However, in the first embodiment of the present invention 
as described above, the distance passed by the electric 
current is more or less increased as the distance from the 
center of the light emitting region is increased, so that the 
current diffusion at the center of the light emitting device is 
different from the current diffusion of the surroundings of 
the light emitting device. That is, although the brightness is 
excellently enhanced at the center of the light emitting 
region, the brightness can be decreased far from the center 
thereof. A second embodiment of the present invention for 
enhancing the drawback of the first embodiment will now be 
described. 

FIG. 6b is a plan view of a nitride semiconductor light 
emitting devices according to the second embodiment of the 
present invention. The lamination structure of the second 
embodiment and materials in each layer thereof are the same 
as those of the first embodiment of the present invention, as 
shown in FIG. 6c. However, the second embodiment has an 
enhanced structure of the p-type electrode 7p to enable a 
more uniform current diffusion than the first embodiment. 

In the second embodiment of the present invention, an 
n-type electrode 7m is formed on an electrode region having 
a predetermined area adjacent to the center of one lateral 
side of the top Surface of an n-type nitride semiconductor 
layer. A p-type electrode 7p is formed on the p-type nitride 
semiconductor layer, and provided thereon with a bonding 
pad 7p-1 adjacent to the center of another lateral side 
opposite to the lateral side adjacent to the electrode region 
to have a predetermined space from the n-type electrode 7n. 
The p-type electrode 7p is further provided with an exten 
sion 7p-2 connected to the bonding pad 7p-1, such that the 
band-shaped extension 7p-2 extends along a lateral side of 
the top side of the p-type nitride semiconductor layer in the 
opposite directions from the connected portion of the bond 
ing pad with the band-shaped extension 7p-2 and is bent to 
extend along opposite lateral sides at which the n-type 
electrode 7m and the p-type bonding pad 7p-1 are not 
formed. 
The electrode structure of the second embodiment pro 

vides a flow of the electric current as indicated by the arrows 
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8 
in FIG. 6b. Since the extension 7p-2 is formed along the 
opposite lateral sides at which the n-type electrode 7n and 
the p-type bonding pad 7p-1 are not formed, the distance 
between the bonding pad portion 7p-1 and the n-type 
electrode 7m is approximately the same as that between the 
extension 7p-2 and the n-type electrode 7n. Thus, the current 
diffusion becomes approximately uniform, thereby enhanc 
ing the brightness. When compared with the first embodi 
ment, the distance between the n-type and p-type electrodes 
is provided almost the same at the Surroundings of the light 
emitting region as well as the center of the light emitting 
region, so that the current diffusion is uniform (that is, 
increased in current diffusion efficiency), thereby providing 
more enhanced brightness than the first embodiment. 

With the first and second embodiments of the present 
invention, the bonding pad of the p-type electrode and the 
n-type electrode are formed adjacent to respective centers of 
the opposite lateral sides of the light emitting region, so that 
the center of the light emitting region may be secured as an 
effective light emitting region. As shown in FIG. 5, the light 
emitting region is not blocked by the bonding wire when 
manufacturing the package, so that the brightness is not 
reduced after manufacturing the package. Further, the band 
shaped p-type electrode provides an advantageous effect of 
eliminating an additional process of the conventional pro 
cess for forming a band shape n-type electrode on the 
periphery of the light emitting device. 
A method of manufacturing the nitride semiconductor 

light emitting device of the present invention as described 
above will now be described with FIGS. 7a to 7d. 

FIGS. 7a to 7d are perspective views illustrating nitride 
semiconductor layers at respective steps according to a 
method of manufacturing a nitride semiconductor light 
emitting device of the present invention. The nitride semi 
conductor light emitting device shown in FIGS. 7a to 7d is 
provided with the electrode structure according to the sec 
ond embodiment as described above. 

First, as shown in FIG. 7a, in order to manufacture the 
nitride semiconductor light emitting device, a buffer layer 
82, an n-type nitride semiconductor layer 83, an activation 
layer 84 and a p-type nitride semiconductor layer 85 are 
sequentially formed on the top surface of a substrate 81. The 
n-type nitride semiconductor layer 83, the activation layer 
84 and the p-type nitride semiconductor layer 85 may 
generally comprise a nitride semiconductor material having 
the formula Al, In, GaN (where 0sxs 1, 0sys 1, 
Osx+ys 1). The substrate 81 may be a sapphire substrate 
suitable for growing the nitride semiconductor. Further, the 
n-type nitride semiconductor layer 83, the activation layer 
84 and the p-type nitride semiconductor layer 85 can be 
grown using a well-known deposition process. Such as the 
MOCVD process or the MBE process. 

Then, as shown in FIG. 7b, some portions of the activa 
tion layer and p-type nitride semiconductor layer 84 and 85 
are removed by a mesa etching process Such that an elec 
trode region N of a predetermined area adjacent to the center 
of one lateral side of the top surface of the n-type nitride 
semiconductor layer 83 is exposed. The electrode region N 
will be formed with an n-type electrode 87n in FIG. 7d by 
a Subsequent process. Since the nitride semiconductor light 
emitting device uses a dielectric Substrate such as the 
Sapphire Substrate in order to grow the nitride semiconductor 
layer, the mesa etching process for exposing some portions 
of the upper Surface of the n-type nitride semiconductor 
layer 83 is carried out in order to form the n-type electrode 
87n in FIG. 7d. which is connected with the n-type nitride 
semiconductor layer 83. Specifically, in the present inven 
tion, in order to form the n-type electrode on the center of 
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the lateral side of the n-type nitride semiconductor light 
emitting device, Some portions of the activation layer and 
p-type nitride semiconductor layer 84 and 85 are removed 
such that the electrode region N of the predetermined area 
adjacent to the center of the lateral side of the upper surface 
of the n-type nitride semiconductor layer 83 is exposed. 

Subsequently, a transparent layer 86 is formed to provide 
an ohmic contact. The transparent layer 86 is a layer for 
lowering the contact resistance while having translucency. 
The transparent layer 86 may be formed through a deposi 
tion process of a bi-layer of Ni/Au or an ITO layer on the 
p-type nitride semiconductor layer 85 and a Subsequent heat 
treatment process. 

Finally, as shown in FIG. 7d., after the n-type electrode 
87n is formed on the electrode region N, a p-type electrode 
having a bonding pad and a band shape extension is formed 
on the transparent layer. The bonding pad is formed adjacent 
to the center of another lateral side opposite to the lateral 
side adjacent to the electrode region to have a predetermined 
space from the n-type electrode. Then, the extension is 
connected with the bonding pad to extend along the lateral 
side adjacent to the bonding pad in the opposite directions 
from the connected portion of the extension with the bond 
ing pad and along opposite lateral sides at which the n-type 
electrode and the p-type bonding pad are not formed. The 
p-type and n-type electrodes 87p and 87n are formed of 
materials comprising Al and Ti, and can be simultaneously 
formed by the deposition process using a single photoresist 
pattern. When omitting the process for forming the trans 
parent layer 86, the p-type electrode 87p is formed on the 
p-type nitride semiconductor layer 85. 

Graphs for comparing brightness and driving voltage 
characteristics of the nitride semiconductor light emitting 
device according to the second embodiment of the present 
invention with those of the conventional nitride semicon 
ductor light emitting device shown in FIG. 1 are delineated 
in FIGS. 8a and 8b. The brightness and driving voltage 
characteristics shown in FIGS. 8a and 8b are results 
obtained from repeated experiments using a plurality of 
nitride semiconductor light emitting devices according to the 
second embodiment of the present invention and a plurality 
of conventional nitride semiconductor light emitting 
devices, having the same size, respectively. 

First, FIG. 8a is a graph comparing brightness of the 
conventional nitride semiconductor light emitting device 
shown in FIG. 1 with that of the nitride semiconductor light 
emitting device according to the second embodiment of the 
present invention. As apparent from the drawing, compared 
with the brightness 91c of about 17.3 mcdon average of the 
conventional nitride semiconductor light emitting device, 
the nitride semiconductor light emitting device according to 
the second embodiment provides a greatly enhanced bright 
ness 91b of about 22.2 mcdon average. This is attributed to 
the fact that the light emission of the nitride semiconductor 
light emitting device according to the second embodiment is 
carried out by uniform current diffusion over the entire light 
emitting region, whereas the light emission of the conven 
tional nitride semiconductor light emitting device is mainly 
carried out between the p-type electrode formed on the 
center of the light emitting region and the n-type electrode 
formed on the edge thereof. 

FIG. 8b is a graph comparing the driving Voltage of the 
conventional nitride semiconductor light emitting device 
and that of the nitride semiconductor light emitting device of 
the present invention. As apparent from the drawing, com 
pared with the driving voltage 92a of about 2.85 V on 
average of the conventional nitride semiconductor light 
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emitting device, the nitride semiconductor light emitting 
device according to the second embodiment provides an 
enhanced driving voltage 92b of about 2.81 to 2.82 V on 
average, which is lower than that of the conventional light 
emitting device. This is attributed to the fact that with the 
same size, the nitride semiconductor light emitting device 
according to the second embodiment has a larger current 
flow area compared with the conventional nitride semicon 
ductor light emitting device. 
As shown in FIG. 8, the nitride semiconductor light 

emitting device of the present invention provides uniform 
current diffusion over the entire light emitting region, 
thereby realizing a high brightness and a reduced driving 
Voltage. 
As apparent from the above description, in accordance 

with the present invention, there are provided advantageous 
effects that the n-type electrode is formed adjacent to the 
center of one lateral side of the approximately rectangular 
nitride semiconductor light emitting device, and the p-type 
electrode is formed with the bonding pad adjacent to the 
center of another lateral side opposite to the lateral side 
adjacent to the n-type electrode, along with the band-shaped 
extension connected to the bonding pad to extend to oppo 
site sides of the bonding pad along the lateral side of the top 
Surface of the nitride semiconductor light emitting device, so 
that the distance passed by the electric current becomes 
approximately constant resulting in the uniform current 
diffusion over the entire light emitting region, thereby 
greatly enhancing the brightness. 

Further, there is provided another advantageous effect that 
when manufacturing the package, the bonding wire does not 
block the light emitting region, thereby preventing the 
brightness from being reduced after manufacturing the pack 
age. 

Further, there is provided still another advantageous effect 
that the electric current passes in an enlarged area of the 
nitride semiconductor light emitting device, thereby reduc 
ing the driving Voltage. 

It should be understood that the embodiments and the 
accompanying drawings as described above have been 
described for illustrative purposes and the present invention 
is limited by the following claims. Further, those skilled in 
the art will appreciate that various modifications, additions 
and substitutions are allowed without departing from the 
Scope and spirit of the invention as set forth in the accom 
panying claims. 
What is claimed is: 
1. A nitride semiconductor light emitting device, com 

prising: 
a Substrate having an approximately rectangular top Sur 

face; 
an n-type nitride semiconductor layer formed on the 

substrate and provided with an electrode region of a 
predetermined area adjacent to a center of one lateral 
side of the top surface of the substrate; 

an n-type electrode formed on the electrode region; 
an activation layer comprising an un-doped nitride semi 

conductor material and formed on the n-type nitride 
semiconductor layer Such that the electrode region is 
exposed; 

a p-type nitride semiconductor layer formed on the acti 
Vation layer; and 

a p-type electrode formed on the p-type nitride semicon 
ductor layer, the p-type electrode having a bonding pad 
adjacent to a center of another lateral side opposite to 
the lateral side adjacent to the electrode region to have 
a predetermined space from the n-type electrode and 
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having a band-shaped extension connected to the bond- 2. The device as set forth in claim 1, further comprising: 
ing pad to extend along a lateral side, in opposite a buffer layer formed on the top surface of the substrate for 
directions, at which the bonding pad is formed and providing lattice matching. 
along opposite lateral sides at which the n-type elec- 3. The device as set forth in claim 1, further comprising: 
trode and the bonding pad are not formed, 5 a transparent layer formed on the top Surface of the p-type 

wherein the distance between the n-type electrode and the nitride semiconductor layer for providing an ohmic 
p-type electrode is Substantially constant and config- COntact. 
ured to flow current uniformly over an entire light 
emitting region. k . . . . 


